To investigate the reproducibility of salt sensitivity testing using a dietary approach, 30 essential hypertensive patients underwent salt sensitivity testing on an outpatient basis twice with a 6 month interval. At both tests casual and 24-h ambulatory blood pressure (24-h BP) was recorded on habitual diet, then after a 6-day period on a low salt diet (aiming at 50 mmol/day), and finally after a 6-day period on a high salt diet (supplementation with sodium chloride tablets aiming at 250 mmol/day). Subjects showing у10% increase in mean BP when changing from low to high dietary salt intake were classified as salt sensitive. Dietary salt intake was assessed as 24-h urinary sodium excretion. Based on 24-h BP recordings eight patients were characterised as salt sensitive (SS) and 22 as salt resistant (SR) in the first test, and three of the initial SS and 15 of the initial SR patients maintained their salt sensitivity status at the
Introduction
Several epidemiological studies have demonstrated a positive correlation between dietary salt intake and development of hypertension, [1] [2] [3] [4] but the therapeutic response to salt reduction in hypertensive subjects treated with low salt diet has been disappointing. [5] [6] This has been explained by a heterogeneity in the blood pressure (BP) responsiveness to changes in dietary salt intake in hypertensive subjects, and a division of hypertensives into salt sensitive and salt resistant subjects has been proposed. 7 Several approaches have been used for characterisation of salt sensitivity. [8] [9] [10] [11] [12] From a clinical point of view the most relevant method should be based on changes in dietary salt intake, and also be possible to perform on an out-patient basis.
The reproducibility of salt sensitivity testing has so far been addressed only in a small series of normotensive and hypertensive subjects. [13] [14] [15] [16] The purpose of this study was to assess the reproducibility of measurements of salt sensitivity based on casual as well as 24-h BP response to a change from low second test. Based on casual BP recordings 13 patients were characterised as SS and 17 as SR in the first test, and three of the initial SS and 13 of the initial SR patients maintained their salt sensitivity status at the second test. Thus, salt sensitivity status was reproducible in 60% when using 24-h BP, and in 53% when using casual BP measurements. There was no difference in baseline BP in dietary salt intake between the two tests. In the total study population, no significant correlation was found between the change in casual or 24-h BP during salt repletion in the first and second test. In conclusion casual and 24-h BP response to a 200 mmol/24h change in dietary salt intake is highly individual and varies over time. Characterisation of salt sensitivity using a dietary approach in out-patients is reproducible in only 53-60% of the patients.
to high dietary salt intake in essential hypertensive out-patients.
Patients and methods

Patients
Forty-eight consecutive patients referred to the outpatient hypertension clinic for 24-h ambulatory BP monitoring were invited to participate in the study. Of these 48 patients eight refused to participate, and 40 patients completed the first salt sensitivity test. Of these 40 patients 10 were excluded from further participation, five patients after reporting low dietary compliance, which was also confirmed by their daily sodium excretion, and five due to a diastolic BP (DBP) Ͼ120 mm Hg, requiring antihypertensive medication. This report gives the results of the 30 patients (7 women and 23 men) with mean age 43 ± 9 years (range 24 -61 years) who completed the study. All patients had a casual DBP Ͼ90 mm Hg, and were actively working. The mean duration of hypertension was 4 ± 3 years. The mean serum creatinine, endogenous creatinine clearance and body mass index was 96 ± 13 mol/l, 1.73 ± 0.51 ml/s, and 27.7 kg/m 2 , respectively. Twenty-six patients were previously untreated, while in four patients previous antihypertensive therapy was stopped 4 weeks prior to entering the study. Secondary hypertension was ruled out by conventional laboratory tests. The patients gave informed consent to participate in the study which was approved by the Regional Medical Ethics Committee.
Study design
Two identical salt sensitivity tests were performed in all subjects with a 6-month interval. Both studies were performed on an out-patient basis. Baseline registrations were performed while the patients were using their habitual diet. Thereafter the patients entered a 6-day long salt depletion period. Salt depletion was induced by instructing the patients to use a written standard salt restricted diet composed by a hospital dietitian (replace salted or canned meat and fish products with fresh or freshly frozen meat and fish, use unsalted bread and less than 0.5 L milk a day, avoid using table salt) for 6 days containing 50 mmol of sodium per day (3 g/day). After completing the salt depletion period, the patients entered a 6-day long salt repletion period. Salt repletion was induced by instructing the patients to return to their habitual diet and adding 150 mmol (9 g) of sodium chloride a day given as sodium chloride tablets (SlowSodium 600 mg, Ciba Geigy, West Sussex, UK). At the end of the first salt sensitivity test the patients were asked to continue using their habitual diet. No antihypertensive drug therapy was instituted. After 6 months an identical salt sensitivity test was reperformed in all patients.
Measurements
Casual as well as 24-h ambulatory BP was recorded: (1) on habitual diet, (2) after 6 days of dietary salt depletion, and (3) after 6 days of salt repletion. Blood and 24-h urine samples were collected during each of these periods for measurement of erythrocyte volume fraction (EVF), plasma and blood volume, serum creatinine and urinary sodium and creatinine excretion by conventional laboratory methods. 8 Endogenous creatinine clearance was calculated. Plasma volume was measured as human albumin J 125 space. 17 Blood volume was calculated from plasma volume and EVF.
The 24-h ambulatory BP was recorded using an Accutracker II monitor. The monitoring period started between 8 and 10 am on a normal working day and ended 24 h later. The monitor was programmed to measure BP every 20 min during daytime between 6.00 am and 9.59 pm, and every 30 minu during night-time. 18 Apart from unphysiological BP readings (0/0 mm Hg, diastolic pressure Ͼ systolic pressure) all readings were included in the analysis. Casual BP was measured by the same investigator after completion of the 24-h ambulatory BP recordings using a mercury sphygmomanometer. Three measurements were performed in the sitting position after 5 min of rest with approximately 1 min intervals. The mean of the two last recordings was listed as the casual BP. Daily dietary salt intake was assessed as 24 h urinary sodium excretion.
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Definition of salt sensitivity
We used a modification of Bartter's definition of salt sensitivity: an increase of у10% in mean BP when changing from a low to a high dietary salt intake (from about 50 to about 250 mmol sodium per day). 7 In the first analysis we used 24-hour ambulatory BP recordings. 8, 9 The 24-h mean BP was calculated as average 24-h DBP + 1/3 (average 24-h systolic-average 24-h DBP). Subjects who increased their 24-h mean BP у10% when changing from low to high dietary salt intake were classified as salt sensitive. The others were classified as salt resistant.
In the second analysis we used casual mean BP instead of 24-h mean BP. 7, 8 Subjects who increased their casual mean BP у10% when changing from low to high dietary salt intake were classified as salt sensitive. The others were classified as salt resistant.
In addition salt sensitivity was assessed as a continuous variable (change in 24-h mean BP during salt repletion) in the total study population.
Seasonal influence
The average time between the two salt sensitivity tests was 24 ± 9 weeks (range 8-41 weeks). Hence, in some patients the two salt sensitivity tests were carried out in different seasons of the year. To examine if the time of the year might have influenced the response in BP or sodium excretion during the testing procedures two separate analyses were performed. First, the number of the month in which the first salt sensitivity test was performed was entered as a continuous variable. Secondly, the year was divided in two 6-month periods: the summer halfyear being defined by the official Norwegian dates of summer time (March 26th through September 30th), and the winter as the rest of the year.
Statistics
Statistical analysis including descriptive analysis, non-parametric tests, and correlations was performed using the SPSS for Windows version 6.0 statistical computing program. 20 The reproducibility of BP response to change in dietary salt intake was assessed using the Altman-Bland method. 21 All results are given as mean ± standard deviation. Differences were regarded as statistical significant when P Ͻ 0.05.
Results
Total study population
All 30 patients completed the study. In the first test baseline casual and 24-h ambulatory BP was 157/101 ± 18/10 mm Hg and 157/89 ± 20/10 mm Hg, respectively, and resting heart rate 74 ± 10 bpm. Baseline daily urinary sodium excretion was on average 163 ± 68 mmol, corresponding to a daily dietary salt intake of 9.5 g. Details about changes in BP, urinary sodium excretion and creatinine clearance in the first test are given in Table 1 . No significant correlation between urinary sodium excretion 377 Table 1 Casual and 24-h BP (mm Hg), 24-h urinary excretion of sodium (U-Na in mmol), and creatinine clearance (Clear Cr in ml//s) at baseline, during sodium depletion and during sodium repletion in the total study population and when divided in the salt sensitive (SS, n = 8) and salt resistant (SR, n = 22) group according to change in mean 24- and casual or 24-h BP was found at any of the three levels of dietary salt intake.
Body weight was on average reduced by 1.0 kg during salt depletion, and increased by 1.0 kg during salt repletion. The change in weight was parallelled by an insignificant change in blood volume (increased on average 352 ml during sodium repletion). Daily urinary excretion of potassium and creatinine did not differ significantly within or between the two tests (94, 93 and 92 mmol/24h, and 14.2, 14.9 and 13.6 mmol/24h, respectively, at baseline, low and high sodium intake at the first test).
In the total study population baseline casual and 24-h mean BP and daily sodium excretion did not differ significantly between the first and second salt sensitivity test (120 vs 119 mm Hg, 112 vs 109 mm Hg, and 163 vs 142 mmol/24h, respectively, all NS). A significant positive correlation was found between casual and 24-h BP measured in the first and second test both at baseline, and after salt depletion and repletion, respectively (r = 0.66 and 0.69 at baseline, r = 0.70 and 0.76 after salt depletion, and r = 0.75 and 0.72 after salt repletion, all P Ͻ 0.01). A significant correlation was also found between baseline daily sodium excretion in the two tests (r = 0.48, P Ͻ 0.01). When the baseline measurements of daily sodium excretion and casual and 24-h BP were compared using Altman-Bland plots, the two baseline values differed by more than two standard deviations of the average baseline value in one and two patients, respectively.
During dietary salt depletion aiming at a 50 mmol daily salt intake, the average 24-h sodium excretion after 6 days was 61 and 71 mmol in the first and second test, respectively. The change in daily sodium excretion during salt depletion did not differ significantly between the two tests. In spite of this, the reduction in casual and 24-h mean BP during sodium depletion differed between the first and second test (8 and 6 mm Hg in the first test, and 4 and 2 mm Hg in the second test, respectively, P Ͻ 0.05). In fact, no significant reduction was seen in 24-h mean BP in the total study population during salt depletion in the second test, and the individual 24-h BP response was highly variable with time ( Figure 1 ). Furthermore, no significant correlation was found between casual and 24-h mean BP response to dietary salt restriction in the first and second test (r = 0.26, P = 0.16, and r = 0.02, P = 0.90, respectively).
During dietary salt repletion with sodium chloride tablets supplementation aiming at a 250 mmol daily salt intake, the average 24-h sodium excretion after 6 days was 266 and 261 mmol in the two tests, respectively. The change in daily sodium excretion during salt repletion did not differ significantly between the two tests. However, no significant correlation was found between the change in casual or 24-h mean BP during salt repletion in the first and second test (r = 0.10, P = 0.58). Neither was there a significant correlation between change in urinary sodium excretion and change in casual or 24-h BP during salt repletion (r = −0.13 and −0.03, respectively) nor a significant correlation between change in BP during salt repletion and patient's age (r = −0.07 and 0.11, respectively, in the two tests). The individual ratio between change in 24-h mean BP per change in daily urinary sodium excretion (mm Hg/mmol) in the first and second salt sensitivity test is plotted in Figure 2 (r = 0.19, P = 0.32).
In the total study population no statistically significant correlation was found between the month of the first test and casual or 24-h BP, body weight, blood volume, daily sodium excretion, or change in BP or daily sodium excretion during salt depletion or repletion. By division of the year in two seasons, 19 patients were examined once during summer and once during winter. In these patients both casual and 24-h mean BP tended to be higher during winter (120 and 110 mm Hg during summer versus 122 and 112 mm Hg during winter, respectively) but the difference did not reach statistical significance. The change in BP when going from low to high salt intake was not different between the two seasons. Neither was a significant seasonal effect found on blood volume or body weight. The diuresis and daily sodium excretion was significantly lower in summer (1293 vs 1639 ml, and 124 vs 165 mmol/24h, respectively, both P Ͻ 0.01), but neither the sodium concentration in the 24-h urine nor the 
Salt sensitivity assessed by 24-h BP
By defining salt sensitivity as a у10% increase in 24-h mean BP when changing from a low to a high dietary salt intake, eight patients (27%) were classified as salt sensitive and 22 as salt resistant in the first test. At the second test three of the eight patients initially classified as salt sensitive and 15 of the 22 patients initially classified as salt resistant maintained their salt sensitivity status. Thus, a total of 18 patients (60%) had the same salt sensitivity status on the two occasions, but 40% did not.
The salt sensitive group classified by the first test had a significantly higher casual BP during salt depletion and a lower 24-h BP during salt repletion in the second test ( Table 2 ). The 24-h urinary sodium excretion during salt depletion and repletion was however similar in the two tests. The individual changes in 24-h mean BP during salt repletion varied considerably in the two tests ( Figure 3) . The reproducibility of the 24-h BP response to change from low to high dietary sodium intake is given as Altman-Bland plot in Figure 4 .
Salt sensitivity assessed by casual blood pressure
When salt sensitivity was defined as a у10% increase in casual mean BP during salt repletion 13 Figure 2 The individual ratio between mm Hg change in 24-h mean BP per mmol change in daily urinary sodium excretion during salt repletion in the first and second salt sensitivity test was not significantly intercorrelated. patients (43%) were classified as salt sensitive and 17 patients as salt resistant in the first test (Table 3) . By this approach three of the 13 patients initially classified as salt sensitive, and 13 of the 17 patients initially classified as salt resistant maintained their salt sensitivity status in the second test. Hence, by casual BP measurements 16 patients (53%) had the same salt sensitivity status on two occasions, but 47% did not. The salt sensitive group identified by casual BP in the first test had a significantly higher casual and 24-h mean BP after salt depletion in the second test (109 and 106 mm Hg, in the first test, vs 115 and 111 mm Hg, in the second test, respectively, both P Ͻ 0.05) but a similar dietary sodium intake ( Table 4) . Reproducibility of the casual BP response to a change from low to high dietary sodium intake is given as Altman-Bland plot in Figure 4 .
Of the 13 patients classified as salt sensitive by casual BP measurements in the first test only five also increased their 24-h BP by 10% or more during salt repletion. Thus, casual and 24-h BP defined partly different patients as salt sensitive ( Figure 5 ).
Discussion
Reproducibility of salt sensitivity status
To our knowledge, this study presents the largest series of essential hypertensive patients evaluated for the reproducibility of BP response to a change from low to high dietary salt intake (salt sensitivity). The fraction of patients classified as salt sensitive in the first test was 27% based on 24-h BP and 43% based on casual BPs. This finding is in agreement with previous reports. [10] [11] [12] [13] [14] [15] [16] However, our study also shows that the individual BP response to alterations in dietary salt intake varied over time. Thus, in our hands the casual and 24-h BP response to a change from low to high dietary salt intake was only reproducible in 53 and 60% of the individuals, respectively.
Twenty-four hour BP recording was introduced in salt sensitivity testing to improve the accuracy of BP measurement and also to better reflect the total BP load during the whole 24-h urinary collection period. 8, 9, 13 However, introducing 24-h BP recording in salt sensitivity testing has not improved the reproducibility of the test. Our findings are in agreement with those of the first report assessing the reproducibility of 24-h BP response to a short-term low salt diet, concluding that the individual 24-h BP response was variable and reproducibility poor. 13 Furthermore, casual and 24-h BP measurements has previously been shown to define partly different patients as salt sensitive. 8, 9 This is in accordance with the present results.
Our finding that casual BP response to a change from low to high dietary salt intake was reproducible only in 53% of the individuals is in contrast to one previous publication demonstrating excellent reproducibility of salt sensitivity classification by casual BP measurements in 10 patients following a similar dietary protocol.
14 However, also in our study 10 consecutive patients with a reproducible salt sensitivity classification may be found, so the difference between the two studies may simply be the number of patients studied. The referred study also used a different definition of salt sensitivity, defining subjects as salt sensitive if the mean casual BP was reduced by у8 mm Hg during dietary sodium restriction.
14 Implementation of this definition in the present study showed a reproducibility of salt sensitivity classification of 63%. Hence the main conclusion from our study that reproducibility of the salt sensitivity test is poor is not changed if the definition of salt sensitivity is altered. This is in accordance with the lack of a significant correlation between the change in BP both during short-time salt depletion and repletion, respectively, seen in the first and in the second salt sensitivity test in the present study (Figures 1-4) . However, these results do not exclude the possibility of a more reproducible BP response to chronic alterations in dietary salt intake, as this was not addressed in the present study.
The finding that salt resistance showed higher reproducibility than salt sensitivity, is a natural consequence of the fact that the former condition, as defined in this and other studies, occurred more often than the latter. When both conditions (salt sensitivity and salt resistance) were considered together, the reproducibility was 50-60%, or close to tossing a coin.
Methodology of salt sensitivity testing
Blood pressure response to sodium balance has been vigorously studied, and an association between salt sensitivity of BP and age, sex, race, body weight, renal function, low renin hypertension and different neuro-humoral responses during salt sensitivity testing has been proposed. 8, 9, [22] [23] [24] [25] [26] [27] [28] [29] However, it has been difficult to interpret the results since the studies have differed both in methodology and in definition of salt sensitivity. Two main methods have been used to change the salt load: (1) a dietary approach, and (2) a rapid intravenous saline loading followed by diuretic-induced salt and volume depletion. [7] [8] [9] [10] [11] Some have defined salt sensitivity based on a change in BP during salt depletion, [10] [11] [12] [13] [14] and others on a change in BP during salt repletion. [7] [8] [9] The absolute change in BP required for definition of salt sensitivity has also differed. [7] [8] [9] [10] [11] [12] [13] [14] Surprisingly few reports have focused on the reproducibility of the diagnosis of salt sensitivity of BP given the obvious need for such studies to decide which method and definition should be used to assess the phenomenon. In a few small series a good reproducibility of casual BP response to both dietary sonal effect on daily sodium excretion and diuresis was found. [30] [31] [32] But time of year did not influence the response of daily sodium excretion following change in dietary salt intake. Previous studies have also reported a seasonal variation in casual, home and 24-h BP with a 2-4 mm Hg higher BP during winter, and a trend towards higher BP during winter was also found in our study. [32] [33] [34] [35] [36] [37] [38] [39] [40] However, no seasonal effect on BP response to change in dietary salt intake was found. Thus, salt sensitivity classification did not seem to be influenced by season.
Study limitations
An increased responsiveness of BP to mental stress has been found in normotensive salt sensitive subjects. 41 Thus, theoretically it is possible that familiarity with 24-h ambulatory BP equipment and the Figure 5 The individual response in casual and 24-h mean BP (mean 24hBP) to sodium repletion in the first test.
diets used in the tests may have influenced salt sensitive individuals through alterations in sympathetic nervous activity, and made the initially salt sensitive individuals less salt sensitive on the second occasion. However, the alert reaction, as defined by the difference between casual and 24-h mean BP, did not differ in the salt sensitive group between the first and second test. Furthermore, familiarity with the test procedure cannot explain why a transition from salt resistance to salt sensitivity occurred in some patients.
Previous studies have shown that 7-14 consecutive 24-h urine collections may be necessary for an accurate assessment of daily salt intake in an individual. [42] [43] [44] [45] However, this standard would require at least 42 daily urine collections in the present study, which was impossible to implement. We therefore chose single 24-h urine samples for assessment of dietary salt intake, knowing it to be less accurate, but still a method used in previously published studies on reproducibility of dietary salt sensitivity testing. [13] [14] Hospitalisation in a metabolic ward would have facilitated a multiple 24-h urine collection and a stricter dietetic control during salt sensitivity testing. However, to our knowledge no reproducibility data of salt sensitivity testing performed in metabolic wards have been published, and such a study design would not be possible in our country for practical as well as economical reasons. Furthermore, hospitalisation is known to influence BP, and might obscure BP response to changes in dietary sodium intake. Thus, generalisation of salt sensitivity data obtained in a metabolic ward into a daily life setting might be difficult.
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Finally, this study was performed unblinded, and therefore the changes in BP observed in the study could not be corrected for placebo effect. However, previous studies have shown that 24-h ambulatory BP monitoring has a high reproducibility and is practically devoid of a placebo effect.
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Conclusions
Casual and 24-h BP response to a 200 mmol/24h increase in dietary salt intake is highly individual and varies over time. Characterisation of salt sensitivity using a dietary approach in out-patients has a poor reproducibility, and the clinical value of this test in evaluation of hypertensive patients and their treatment is questionable.
